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INTRODUCTION

Cardiogenic shock (CS) is a state of low cardiac output 
associated with hypotension and evidence of end-organ 
hypoperfusion. Confirmatory hemodynamic criteria include 
systolic blood pressure < 90 mm Hg, cardiac index 
≤ 2.2 L/min/m2, and an elevated pulmonary capillary wedge 
pressure > 15 mm Hg.1 The leading cause of CS has been 
acute myocardial infarction (AMI); however, non–AMI-related 
CS is reported to be on the rise.2 Unfortunately, CS continues 
to be associated with significant morbidity and mortality.

There has been an overall increase in the use of temporary 
mechanical circulatory support (MCS) to try and improve CS 
outcomes, and multiple short-term device options are available 
that provide left- and/or right-sided support. The most widely 
used short-term device has been the intra-aortic balloon pump 
(IABP), although more robust devices are being used with 
increased frequency.3,4 This review highlights the available 
percutaneous and surgical options for temporary MCS and the 
associated clinical and hemodynamic data that support the use 
of these various devices.

INDICATIONS AND BRIDGE SUPPORT STRATEGIES

The available short-term MCS devices used to treat CS are 
listed and illustrated in Table 1 and Figure 1,5 while indications 
for use are defined in Table 2.6 These devices are often used as 
a bridge until next steps are determined (ie, the patient recovers 
or worsens to the point of needing a durable ventricular assist 
device or transplantation).

Intra-aortic Balloon Pump

The intra-aortic balloon pump is a polyethylene balloon 
attached to a double-lumen catheter (7-8F) and a pump 
console. The balloon is advanced over a guidewire through 

an introducer sheath until the proximal tip of the IABP is just 
below the ostium of the left subclavian artery. The pump 
provides counterpulsation therapy with inflation (diastole) and 
deflation (systole) of the balloon and is synchronized with either 
electrocardiogram (ECG) or pressure trigger for timing. Optimal 
timing of balloon inflation is at the onset of diastole or timed to 
the dicrotic notch on the arterial waveform. Generally, 1:1 IABP 
support, or one inflation per cardiac cycle, is used, and support 
can be weaned by changing the frequency of inflation to 1:2 
and 1:3 levels. Therapeutic anticoagulation is recommended to 
reduce thrombotic complications.7 There are several different 
IABP sizes ranging from 25 cm3 to 50 cm3, and selection is 
typically based on the patient’s height. The larger-capacity 
50 cm3 IABP provides greater diastolic augmentation and 
systolic unloading.8-10

Although the femoral artery is commonly used for access, 
the positive safety profile and feasibility of transthoracic 
IABPs has been reported by several investigators.11,12 IABPs 
can be placed surgically by attaching a Gore-Tex graft to 
the subclavian or axillary artery. Alternatively, Estep et al. 
published a percutaneous approach using a micropuncture 
guidewire roadmap technique that permits placement of 
a sheath into the axillary artery without needing a surgical 
cut down or graft conduit. Based on several case series, 
including 163 bridge-to-transplantation patients, 141 
patients (86.5%) were successfully transplanted with 
support that ranged from 3 to 152 days. The most frequent 
complications attributed to extended support were device 
malfunction or migration necessitating exchange or 
repositioning (37.3%).12 The axillary site can be considered 
in patients with severe peripheral artery disease (PAD) 
or in those with extended support needs measured in 
several days to weeks. Axillary support is considered a 
viable placement option because it permits upright sitting 
and ambulation and has a low infection rate due to the 
transthoracic location (Figure 2).
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The primary hemodynamic effects 
of IABP support include a decrease 
in afterload and myocardial oxygen 
consumption, an increase in cardiac 
output (up to 20%), and augmentation 

of coronary perfusion. Compared 
to the other available temporary 
MCS options, IABP provides the 
least amount of support. Specific 
contraindications for IABP use 

include aortic dissection, greater than 
mild aortic insufficiency, and severe 
PAD when using a femoral access 
approach. Major complications occur 
in 2.6% of cases and include limb 
ischemia, vascular injury, sepsis/
bacteremia, balloon rupture, and 
embolic complications.13

IABP Clinical Data. The 2012 
IABP-SHOCK II ( Intraaortic Balloon 
Support for Myocardial Infarction 
with Cardiogenic Shock) trial 
demonstrated that IABP use compared 
to medical therapy immediately before 
revascularization did not reduce 30-
day mortality in patients with AMI 
complicated by CS.14 While overall 
utilization of IABPs in the United 
States has been on the decline, they 
continue to be used in the management 
of hemodynamically unstable patients 
due to their wide availability, beneficial 
hemodynamic effects, and relative ease 
of insertion,5 and there has been an 
uptick in IABP use as a bridge to heart 
transplantation to support patients with 
end-stage heart failure.4

Figure 1.
Schematic drawing of current commercially available percutaneous mechanical support devices for 
cardiogenic shock. On the left are devices for right ventricular support, and on the right are those for 
left ventricular support. (a) Impella® RP, (b) TandemHeart™ RA-PA (right atrium–pulmonary artery), 
(c) venoarterial (VA) extracorporeal membrane oxygenation (ECMO), (d) intra-aortic balloon pump, (e) 
Impella, (f) TandemHeart. Adapted from H. Thiele et al. with permission from Oxford University Press.5

SHORT-TERM MECHANICAL 
CIRCULATORY SUPPORT PERCUTANEOUS OPTIONS SURGICAL OPTIONS

Left-sided •	 IABP (femoral or axillary)
•	 Impella 2.5 (LV-Ao)
•	 Impella CP (LV-Ao)
•	 TandemHeart (LA-Ao)

•	 Axillary graft IABP via graft anastomoses
•	 Impella 5.0 via axillary graft
•	 Impella LD (direct arteriotomy of ascending aorta) 
•	 LV CentriMag (LV apical position)

Right-sided •	 Impella RP (RV-PA)
•	 TandemHeart (RA-PA)
•	 ProtekDuo cannula with centrifugal pump (RA-PA)

•	 RV CentriMag (RV or RA-PA)

Biventricular •	 Peripheral VA ECMO
•	 Impella CP or 2.5 plus Impella RP
•	 Impella CP or 2.5 plus TandemHeart (RA-PA) or 

ProtekDuo with centrifugal pump

•	 Central cannulation VA ECMO
•	 Biventricular CentriMag

Table 1. 
Short-term mechanical circulatory support options divided by side of support (left side, right side, biventricular) and whether they are inserted percutaneously 
or surgically. IABP: intra-aortic balloon pump; VA ECMO: venoarterial extracorporeal membrane oxygenation; LV-Ao: left ventricle-aorta; RA-PA: right atrium–
pulmonary artery; LA-Ao: left atrium-aorta; RV: right ventricle; LV: left ventricle
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Impella Devices

The Impella (Abiomed) is a transvalvular continuous micro-axial 
flow device designed to propel blood from the left ventricle 
(LV) into the aorta via an Archimedes screw pump. In the 
setting of CS, the Impella device unloads the ventricle, reduces 
ventricular end-diastolic pressure, increases mean arterial 
pressure, and decreases myocardial oxygen consumption.15 
Impella has five systems that can be placed percutaneously or 
surgically and are approved for use in the United States (Table 
3).5,16 The Impella 2.5 can provide approximately 2.5 L/min of 
flow, and the Impella CP is an intermediate device that can 

provide up to 4.0 L/min. Both of these LV support systems are 
commonly placed percutaneously in the femoral artery using an 
introducer sheath and advanced in a retrograde fashion across 
the aortic valve under fluoroscopic guidance. In contrast, 
the LV Impella 5.0 (21F motor) requires a surgical cut down, 
insertion of a vascular graft to the axillary artery, and use of 
a 23F introducer sheath. Most recently, Abiomed’s newest 
heart pump, the Impella 5.5 with SmartAssist, has received 
premarket approval from the US Food and Drug Administration 
(FDA) for safety and efficacy in the therapy of cardiogenic 
shock up to 14 days. The Impella 5.5 with SmartAssist delivers 

INDICATION COMMENTS

Complications of AMI Ischemic mitral regurgitation is particularly well suited to these devices because the hemodynamic 
disturbance is usually acute and substantial. Acutely depressed LV function from large AMIs during 
and after primary PCI is an increasing indication for temporary MCS use. Cariogenic shock from RV 
infarction can be treated with percutaneous RV support.

Severe heart failure in the setting of 
nonischemic cardiomyopathy

Examples include severe exacerbations of chronic systolic heart failure as well as acutely 
reversible cardiomyopathies such as fulminant myocarditis, stress cardiomyopathy, or peripartum 
cardiomyopathy. In patients presenting in INTERMACS profiles 1 or 2, MCS can be used as a bridge to 
destination VAD placement or as a bridge to recovery if the ejection fraction rapidly improves.

Acute cardiac allograft failure Primary allograft failure (adult or pediatric) may be caused by acute cellular- or antibody-mediated 
rejection, prolonged ischemic time, or inadequate organ preservation.

Post-transplant RV failure Acute RV failure has several potential causes, including recipient pulmonary hypertension, 
intraoperative injury/ischemia, and excess volume/blood product resuscitation. MCS support provides 
time for the donor right ventricle to recover function, often with the assistance of inotropic and 
pulmonary vasodilator therapy.

Patients slow to wean from cardiopulmonary 
bypass following heart surgery

Although selected patients may be transitioned to a percutaneous system for additional weaning, this 
is rarely done.

Refractory arrhythmias Patients can be treated with a percutaneous system that is somewhat independent of the cardiac 
rhythm. For recurrent, refractory ventricular arrhythmias, ECMO may be required for biventricular 
failure.

Prophylactic use for high-risk PCI Seen particularly in patients with severe LV dysfunction (EF < 20%-30%) and complex coronary artery 
disease involving a large territory (sole remaining vessel, left main or three-vessel disease).

High-risk or complex ablation of VT Similar to high-risk PCI, complex VT ablation can be made feasible with percutaneous support. MCS use 
allows the patient to remain in VT longer during arrhythmia mapping without as much concern about 
systemic hypoperfusion.

High-risk percutaneous valve interventions These evolving procedures may be aided by MCS.

Table 2. 
Suggested indications for short-term mechanical circulatory support. Adapted from Rihal et al. with permission from Elsevier.6 AMI: acute myocardial 
infarction; MCS: mechanical circulatory support; PCI: percutaneous coronary intervention; LV: left ventricular; RV: right ventricular; VAD: ventricular assist 
device; INTERMACS: interagency registry for mechanically assisted circulatory support; ECMO: extracorporeal membrane oxygenation; EF: ejection fraction; 
VT: ventricular tachycardia
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peak flows > 6 L/min. The motor housing 
is thinner and 45% shorter than the 
Impella 5.0 and can improve ease of 
pump insertion through the vasculature. 
The SmartAssist also integrates data 
informatics including left ventricular 
pressure (LVP), end-diastolic pressure 
(EDP), and cardiac power output (CPO) 
to support weaning algorithms and 
potentially optimize native heart recovery. 
In addition, the SmartAssist fiber optic 
pressure sensor allows for more precise 
pump positioning, management, and 
bedside repositioning. Repositioning of 
the Impella device is often performed at 
bedside under ultrasound guidance.

The RP Impella provides right ventricular 
support via a 22F motor attached to an 
11F catheter that is placed through a 
23F peel-away sheath in the femoral vein. 
With a unique 3-dimensional shape, the 
RP Impella is advanced in an antegrade 
fashion through the venous system 
across the tricuspid and pulmonary 
valves. The inflow portion of the pump 
is situated in the inferior vena cava and 
the outflow portion is positioned in the 
pulmonary artery.

Contraindications for left-sided Impella 
systems include severe aortic stenosis 
with aortic valve area ≤ 0.6 cm2, LV 

thrombus, mechanical aortic valve, 
and severe PAD (when using a femoral 
access approach). Contraindications 
for the RP Impella include right-sided 
mechanical valves, severe tricuspid or 
pulmonary stenosis, thrombus, and the 
presence of an inferior vena cava filter. 
General complications related to the 
Impella systems include device migration 
too far into the LV or underneath the 
mitral valve apparatus, placing the 
patient at risk for perforation/tamponade, 
ventricular arrhythmias, acute mitral 
regurgitation, hemolysis, and thrombotic 
complications.

Impella Clinical Data. The safety 
and feasibility of the Impella 2.5 and 
CP devices has been reported in 
large registries.17,18 The ISAR-SHOCK 
(Efficacy Study of LV Assist Device to 
Treat Patients With Cardiogenic Shock) 
trial showed that the use of Impella 
support was safe and provided more 
hemodynamic support than IABP, but 
there was no difference in mortality.19 
These devices were also studied in 
the setting of high-risk percutaneous 
coronary intervention (PCI) in the 
PROTECT II trial, and the degree of 
hemodynamic support was noted to 
be greater than the IABP. However, no 
difference was seen in major cardiac 
events at 30 days compared to IABP 
support.20

More recently, the IMPRESS (Impella 
Versus IABP Reduces Mortality in 
STEMI Patients Treated with Primary 
PCI in Severe Cardiogenic Shock) 
trial compared mortality and safety of 
the Impella CP with IABP in critically 
ill patients with AMI-CS. At both 30 
days and 6 months, mortality rates were 
high and similar for both groups (∼ 
50% at 6 months).21,22 It is important to 
highlight that this trial was significantly 
underpowered to detect a difference in 
the primary end point, and the population 
included critically ill patients on MCS 
and those with neurologic injury. Even 
so, a recent matched-pair analysis of 237 

Figure 2.
Percutaneous intra-aortic balloon pump in axillary/subclavian position permits ambulation.
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Impella-treated versus 237 IABP-treated patients with AMI-CS 
also demonstrated a lack of mortality benefit with the Impella 
device (30-day mortality 48.5% vs. 46.4%, P = .64).21

In the RECOVER RIGHT Trial, Anderson et al. showed 
that the Impella RP was a safe and reliable way to improve 
hemodynamics in select patients with refractory RV failure.23 
The study population included two cohorts: 18 patients with 
RV failure after LV assist device (LVAD) implantation, and 
12 patients with RV failure after cardiotomy or myocardial 
infarction. Overall survival at 30 days was 73.3%, and all 
discharged patients were alive at 180 days. In early 2019, the 
FDA published an advisory noting that an interim post-approval 

study suggested higher rates of mortality for patients treated 
with the Impella RP than previously observed. Further analysis 
of this study, however, indicates that the difference in mortality 
was likely related to a sicker patient population, which included 
patients with CS for > 48 hours and those who experienced in-
hospital cardiac arrest.24

TandemHeart System

The TandemHeart system (Cardiac Assist, Inc.) is a 
percutaneous centrifugal ventricular assist device that unloads 
the failing LV by pumping oxygenated blood directly from the 
left atrium into the distal descending aorta. There are four 

DEVICE IABP IMPELLA (2.5, CP, RP) TANDEMHEART VA-ECMO

Flow, L/min 0.5-1 2.5-5 4-6 4-6

Cannula size, F 7-8 12-23 Inflow 21

Outflow 15-19

Inflow 18-23

Outflow 15-29

Duration of support, FDA 
approved

9 days 4 days (2.5, CP)

14 days (5.0)

14 days (RP)

21 days 6 hours (limited by 
oxygenator durability)

Ventricles supported LV LV or RV LV or RV LV and RV

Additional requirements Surgical cutdown for 
Impella 5

Transseptal puncture Potential need for LV 
venting, possible cutdown

Advantages Easy to place

Good safety profile

Fewer side effects, 
especially vascular

Multiple device options Highest cardiac output 

Comparable to VA-ECMO

No LV distension

Highest cardiac output

Complete 
cardiopulmonary support 
(including oxygenation 
and CO2 removal)

Disadvantages Limited hemodynamic 
support

Contraindicated in severe 
aortic regurgitation

More invasive and 
complex to implant than 
the IAPB

Unstable position

Frequent hemolysis

Vascular complications

Need tertiary or 
quaternary specialized 
care center

Necessitates atrial 
transseptal puncture 
with its potential 
complications

Vascular complications

Retrograde blood flow

Requires more resources 
and support staff than 
other devices

Retrograde blood flow 
with worsening of 
afterload (LV distention)

Vascular complications

Thrombocytopenia

Table 3. 
Comparison of commercially available devices for short-term mechanical circulatory support. Modified from Guglin et al. with permission from Elsevier.5,16 
CO2: carbon dioxide; FDA: US Food and Drug Administration; IABP: intra-aortic balloon pump; LV: left ventricle/ventricular; RV: right ventricle; VA-ECMO: 
venoarterial extracorporeal membrane oxygenation
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major components of this device: the control console, a 21F 
transseptal inflow cannula positioned in the left atrium, an 
arterial outflow cannula (15-19F), and the centrifugal pump. The 
pump has a brushless electromagnetic motor and provides up 
to 5.0 L/min of flow at a maximum speed of 7500 rpm.6,25 The 
venous and arterial cannulas are secured in the groin to prevent 
cannula migration. This device requires highly trained operators 
who are skilled in transseptal and large-bore access to insert 
the system under fluoroscopic guidance. Due to the parallel 
configuration relative to the native heart, both the TandemHeart 
device and the native LV may contribute to forward flow, 
creating the net effect of reductions in LV pressure, volume, and 
stroke volume.6,15

TandemHeart Clinical Data. Relatively little data is available 
on the benefits of the TandemHeart. In 2005 and 2006, two 
studies examined the hemodynamic benefit of this device 
in patients with CS. Those who were randomized to the 
TandemHeart arm had improved hemodynamics (ie, higher 
cardiac power index and lower pulmonary capillary wedge 
pressure) but more complications (ie, severe bleeding and 
limb ischemia) compared to the IABP arm.26,27 Additional 
reported complications include migration of the inlet cannula 
from the left atrium back into the right atrium, with subsequent 
right-to-left shunting and hypoxia, tamponade, and strokes.25 
Contraindications to this device include severe PAD, atrial 
thrombus, and an underlying coagulopathy.

TandemHeart is not FDA approved for RV support (RA to 
pulmonary artery), but cases showing feasibility have been 
reported. Indications for RV MCS include cardiogenic shock 
related to RV myocardial infarction, acute pulmonary embolus, 
severe pulmonary hypertension, and post-LVAD RV failure.28,29

PROTEK Duo System

An alternative to the Impella RP and off-label use of the 
TandemHeart is the dual-lumen PROTEK Duo cannula 
(CardiacAssist, Inc.) coupled with the TandemHeart centrifugal 
pump or the CentriMag (see below).30,31 The PROTEK Duo 29F 
cannula is inserted into the right internal jugular vein and permits 
simultaneous drainage and reinfusion of blood from the right 
atrium into the pulmonary artery. Data regarding the safety and 
efficacy of this device is limited.

CentriMag

The CentriMag (Abbott) is a robust temporary ventricular assist 
device that can provide up to 10 L/min of flow. The system 
includes a centrifugal pump, flow probe, and console with the 
capability of adding a membrane oxygenator, and the device 
is surgically inserted via a median sternotomy or a lateral 

thoracotomy. John et al. published results of a study that used 
the CentriMag MCS in patients with post-cardiotomy shock.32 
Out of 12 total patients, 8 were successfully bridged to durable 
MCS with the HeartMate VAD, 2 were successfully bridged to 
recovery, and 2 died while on CentriMag support.33

Extracorporeal Membrane Oxygenation

Extracorporeal membrane oxygenation (ECMO) provides 
robust biventricular support in patients with severe refractory 
CS. ECMO was initially described by Hill and colleagues in the 
1970s as a technique for temporary oxygenation and pulmonary 
support, and it has evolved greatly since then.4,34

The venoarterial ECMO (VA-ECMO) circuit is a form of 
cardiopulmonary bypass and consists of a centrifugal flow 
pump, membrane oxygenator, controller, and venous inflow/
arterial outflow cannulas. Blood is pulled out of the venous 
system with a 15F to 29F cannula, oxygenated and warmed 
in the gas exchange unit, and pumped back into the systemic 
circulation via the femoral artery. While VA-ECMO can provide 
between 4 L/min and 6 L/min of flow, it also increases systemic 
afterload and thereby will increase LV end-diastolic pressure. 
This added afterload on the LV will further depress native 
cardiac output and could potentiate a persistent congested 
state unless the LV is decompressed by an unloading strategy.16

VA-ECMO can be inserted percutaneously via femoral 
vein/artery access or surgically with central cannulation. 
Contraindications to VA-ECMO include severe PAD 
(percutaneous only) and ≥ moderate aortic insufficiency. 
Although ECMO provides the highest level of support, it can 
lead to significant complications including pump thrombosis, 
bleeding, ischemic limbs, and Harlequin syndrome (differential 
oxygenation). With all large-bore femoral arterial cannulations, 
an antegrade sheath can be placed in the superficial femoral 
artery to improve distal limb perfusion.

Percutaneous MCS Recommendations

A 2015 consensus statement supported by the Society 
for Cardiovascular Angiography and Interventions (SCAI), 
American College of Cardiology (ACC), Heart Failure Society 
of America (HFSA), and Society of Thoracic Surgeons 
(STS) highlights that the choice of short-term MCS devices 
is contingent upon vascular anatomy, local expertise, and 
availability.6 Percutaneous MCS may be considered in select 
patients with refractory CS based on the patient’s age, 
comorbidities, and neurological function without any preference 
for device selection (IIa C recommendation). Below we discuss 
the guidelines for MCS related to high-risk PCI, AMI, and acute 
or chronic heart failure complicated by CS.
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High-Risk PCI. The ACC, SCAI, and American Heart 
Association (AHA) published expert consensus documents 
and clinical practice guidelines on hemodynamic support 
device considerations in the setting of high-risk PCI with CS. 
In general, elective insertion of an appropriate hemodynamic 
support device (eg, Impella and Tandem devices) as an 
adjunct to PCI may be reasonable in carefully selected high-
risk patients, and alternative LV assist devices for circulatory 
support may be considered in patients with refractory CS (IIb C 
recommendation).6

Acute Myocardial Infarction. Until 2012, the United States 
and European guidelines, largely based on registry data, 
had given a class IB and class IC recommendation for using 
IABP in the treatment of CS. In 2013, the American College 
of Cardiology Foundation (ACCF)/AHA guidelines for the 
management of ST-elevation myocardial infarction (STEMI) 
downgraded the routine use of IABP to class IIa (level of 
evidence B). Alternative MCS devices can be considered in 
patients with refractory cardiogenic shock (class IIb, level of 
evidence C).35,36 In the 2017 European Society of Cardiology 
guideline recommendations, IABP use should be considered 
in patients with hemodynamic instability/CS due to mechanical 
complications (class IIa, level of evidence C), whereas routine 
IABP use is not indicated in patients with CS and acute MI 
or acute or chronic HF complicated by CS (class III, level of 
evidence B).37,38 In contrast, ACCF/AHA guidelines for the 
management of STEMI do not recommend against IABP use 
in these CS patient populations. Other common scenarios 
for the use of an IABP include refractory angina awaiting 
revascularization (class I recommendation in STEMI and class 
IIa for non-STEMI/unstable angina) and arrhythmogenic or 
mechanical complications of AMI.35

Acute or Chronic Heart Failure. The 2013 ACC/AHA 
guidelines and a more recent scientific statement from 
the AHA in 2017 provide a class IIa (level of evidence B) 
recommendation for nondurable short-term MCS devices to 
help manage patients with acute on chronic HF and CS.39,40 It 
is important to highlight that recommendations regarding use 
of an IABP are largely based on examinations of patients with 
AMI CS. Randomized controlled trials that evaluate the impact 
of IABPs in non-AMI related CS are lacking. There is an evolving 
body of data to help define the role of IABPs in stabilizing 
patients with acute or chronic heart failure complicated by CS 
while more definitive solutions such as LVAD or transplant are 
considered.41-43

CONCLUSION

Percutaneous and surgical options for MCS have evolved and 
can be rapidly deployed in patients with different etiologies and 

severities of CS. Device selection is guided by hemodynamic 
support needs, operator/institutional experience, and device-
specific complications and risks. Proper understanding of each 
MCS device and its intended hemodynamic consequences 
along with careful patient selection and a multidisciplinary team 
approach can potentially optimize outcomes for patients on 
temporary MCS.

KEY POINTS

•	 Temporary mechanical circulatory support (MCS) 
devices are being used with increasing frequency to treat 
cardiogenic shock.

•	 A number of MCS devices are currently available; 
selection of device is guided by level of hemodynamic 
support needed, institutional experience, and device-
specific risks.

•	 Careful patient selection using a multidisciplinary team 
approach and proper understanding of the hemodynamic 
impact of each MCS device can potentially optimize 
outcomes with temporary MCS.
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